A Gram-negative, facultatively anaerobic bacillus, strain 08MAS2615
The genus Proteus of the family Enterobacteriaceae are human opportunistic pathogens causing primary and secondary infections. The most frequently observed infection are urinary tract diseases in hospital patients after surgery and catheterization [1] . Currently, the genus comprises six species: Proteus mirabilis, Proteus vulgaris [2] , Proteus penneri [3] , Proteus hauseri [4] , Proteus cibarius [5] and Proteus terrae [6] , which were isolated from clinical, environmental, seafood specimens and soil. In this study, strain 08MAS2615 T was isolated from the flesh of a pigeon sample in Ma'anshan (GPS: 118 53¢ E, 31 67¢ N), Anhui province, China in September 2008.
Twenty-five grams of the flesh pigeon breast specimen were ground with 225 ml sterile saline and 25 ml of suspension was transported in 225 ml of Gram-negative enrichment broth (Qingdao Hope Bio Technology) and enriched at 37 C for 8 h. Then the suspension was streaked onto Salmonella-Shigella (SS) agar (Becton Dickinson) and inoculated at 37 C for 18 h. Suspicious hydrogen sulfide-producing colonies with a black centre on the SS agar were streaked onto 1.5 % Luria-Bertani agar (LBA) and cultured at 37 C for 18 h. The single colony was identified by using a bioM erieux automated bacterial identification instrument (VITEK-32) and identified as P. hauseri which possessed a 97 % VITEK possibility index score, named 08MAS2615
T .
The strain grew under anaerobic conditions in 1.5 % LBA medium supplemented with 1 % (w/v) NaCl as small, circular, translucent, neat-edged colonies and swarmed with periodic cycles of migration producing concentric zones at 37 C for 24 h. This significant phenotype characteristically distinguished the strain from other related species [1] . However, swarming of strain 08MAS2615
T disappeared when the strain was growth anaerobically on 3.5 % LBA supplemented with 1 % (w/v) NaCl. Optimal growth temperature requirements were determined by growing strain 08MAS2615 T at 4, 10, 30, 37, 42, 45 and 50 C on LB broth. Optimal NaCl requirements were determined by growing strain 08MAS2615
T in LB broth supplemented with 0, 1, 2, 3, 4, 5, 6, 8, 10, 12 and 15 % NaCl and growth was assessed after incubation at 37 C for 48 h. The result showed that strain 08MAS2615
T was able to grow in the presence of 0-8 % NaCl (optimum, 1 %), at 30-45 C after 24 h and at 10 C after 48 h (optimum 37 C). Some physiological characteristics were carried out by using API 20E and API 20NE test kits (bioM erieux). Furthermore, the acid production of 49 carbohydrates was tested using the commercial identification kit API 50CH (bioM erieux) with 50CHB/E medium according to the manufacturer's instructions. The tested strain observed after 24 and 48 h incubation at 30 C. As can be seen in Table 1, strain 08MAS2615 T and five species of genus Proteus (P. vulgaris KCTC 2579 T , P. hauseri DSM 14437 T , P. penneri DSM 4544 T , P. cibarius JS9 T and P. terrae N5/687 T ) were able to ferment maltose and sucrose, which was different from P. mirabilis KCTC 2566
T . Meanwhile, strain 08MAS2615
T was positive for indole production, but negative for salicin fermentation and aesculin hydrolysis, which shared the same biochemical characteristics as strains of P. vulgaris biogroup 3 [7] . Furthermore, strain 08MAS2615
T could be differentiated from P. penneri DSM 4544
T by being able to utilize potassium 2-ketogluconate. It can be differentiated from P. hauseri DSM 14437 T by its utilization of melezitose and trehalose, differentiated from P. cibarius JS9
T by its inability to utilize D-fructose, and differentiated from P. terrae N5/687 T by its inability to utilize L-rhamnose ( ), which were obtained from the GenBank database. The genomic DNA of 08MAS2615 T was extracted by using a Bacteria Genomic DNA Kit (Tiangen Biotech) in accordance with the manufacturer's instructions. The 16S rRNA gene was amplified by the universal bacterial gene-targeted primers (27F, 5¢-AGAGTTTGATC MTGGCTCAG-3¢; 1492R, 5¢-GGYTACCTTGTTACGAC TT-3¢) [8] . All 16S rRNA gene sequences were analysed using MEGA version 6.0 and multiple sequences were aligned using CLUSTALW [9] . Maximum-likelihood tree (1000 replication bootstrap values) analysis based on 16S rRNA gene sequences indicated that strain 08MAS2615
T clustered among the six species belonging to the genus Proteus, and grouped in an independent branch which was clearly distinct from all known six species of genus Proteus (Fig. 1) . However, this analysis showed that the 16S rRNA gene of strain 08MAS2615
T is more similar to those of the type strains of P. vulgaris ATCC 29905 T and P. penneri NCTC 12737 T ; 7, P. terrae N5/687 T . +, Positive; À, negative; N, not tested. Data in columns 1 were from this study; data in columns 2-6 were from [5] ; data in columns 7 were from [6] . Indole production + -
respectively, than the other four species. The nucleotide similarity of 16S rRNA genes was performed by MEGA version 6.0 using Kimura's two-parameter model [10] . The results showed that between 08MAS2615 T and the six type strains of the genus Proteus, nucleotide similarities of the 16S rRNA gene sequences ranged from 98.7 % (P. hauseri DSM 14437 T ) to 99.7 % (P. vulgaris ATCC 29905 T ), with 5-17 nucleotide differences. Similarly, phylogenetic analysis of rpoB gene sequences, which encode the b subunits of RNA polymerase, of these strains and reconstructed in a similar fashion as that for 16S rRNA gene sequences showed that the rpoB gene sequence of strain 08MAS2615 T (Fig. 2 ) was more similar to P. cibarius JS9 T and P. terrae N5/687 T than that of the other four species.
The genome of strain 08MAS2615
T was sequenced by using Illumina HiSeq 2000 apparatus by constructing two pairedend libraries with average insert lengths of 500 bp and 2000 bp. Then, 100Âlibraries were obtained with clean paired-end read data; assembly was performed by using SOAPdenovo version 2.04 [11] . The genome size was 3 957 886 bp in length and the G+C content was 37.9 mol%. By using a web-based tool PlasmidFinder 1.3 [12], a plasmid was identified within the genome of strain 08MAS2615 T which carries the qnrD related to quinolone resistance, similar to the plasmid p3M-2A (accession number: JX514065) found in Proteus species 3M with 98.1 % identity. Meanwhile, by using ResFinder 3.0 software [13] , the genome of 08MAS2615
T was also found to contain a hugA b-lactamase gene and a qnrD quinolone resistance gene, similar to P. penneri (AF324468) and Salmonella enterica subsp. enterica (FJ228229), with 92.4 and 100% identity, respectively.
To further clarify the taxonomic position of strain 08MAS2615 T , genomic analysis based on whole-genome sequences were carried out between 08MAS2615
T and six species of the genus Proteus. Genomic sequences that could be available from GenBank database were used for genomic analysis, i.e, type strains of P. 
Proteus terrae N5/687 T (LN809885)

Proteus cibarius JS9 T (KU639596)
Proteus columbae 08MAS2615 T (MF143630)
Proteus penneri ATCC 33519 T (DQ836272)
Proteus hauseri DSM 14437 T (LN809886.1)
Proteus mirabilis ATCC 29906 T (DQ836265)
Proteus vulgaris ATCC 29905 T (DQ836267)
Morganella morganii subsp. (SNPs) were identified by using kSNP version 2 [14] to supplement evolutionary relationship of strain 08MAS2615
T and six type strains of Proteus species. The phylogenetic tree (reconstructed by using the neighbour-joining method) confirmed that strain 08MAS2615 T formed a monophyletic, robust clade (Fig. 3) . In silico DNA-DNA hybridization (is DDH) replaced traditional DNA-DNA hybridization [15] , which was a traditional method widely applied as a gold standard playing a key role in classification of bacteria species [16] . Is DDH was used to compare strain 08MAS2615 T to other type strains by using the Genome-to-Genome Distance Calculator (http://ggdc.dsmz.de/) [17] . The range for is DDH values was from 25.5 to 48.8 %, which is less than 70 % proposed threshold for the same species designation [16] . Meanwhile, average nucleotide identity (ANI) was calculated using on online ANI calculator (http://enve-omics. ce.gatech.edu/ani/index) [18] . The ANI values between strain 08MAS2615
T and type strains were in the range 82.8-92.9 % (Table 2) , which were also below the proposed threshold of 95-96 % [18, 19] , supporting the conclusion that strain 08MAS2615
T is a novel species. This proposition is supported by the results of SNP, is DDH and ANI analysis that 08MAS2615 T represents a novel species which distinct from all six known species in genus Proteus.
The cellular fatty acids of strain 08MAS2615
T were extracted and examined by using the standard Sherlock Microbial Identification System (MIDI). Cells were cultured in LB medium with 1.5 % agar at 35 C for 24 h and harvested at log growth phase for cellular fatty acid composition analysis using MIDI with TSBA and CLIN database version 6.0. The major cellular fatty acids of strain 08MAS2615 (Table 3) .
Antimicrobial susceptibilities to gentamicin (10 µg), ceftriaxone (30 µg), kanamycin (30 µg), sulfisoxazole (300 µg), cefoxitin (30 µg), cefepime (30 µg), ciprofloxacin (5 µg), streptomycin (10 µg), sulfamethoxazole (25 µg), nalidixic acid (30 µg), doxycycline (30 µg), chloramphenicol (30 µg), ampicillin (10 µg) and azithromycin (15 µg) were determined by following the standards of the Clinical and Laboratory Standards Institute [20] . The isolate was resistant to azithromycin and ampicillin while sensitive to the other all antibiotics (Table S1 , available in the online version of this article).
DESCRIPTION OF PROTEUS COLUMBAE SP. NOV.
Proteus columbae (co.lum¢ bae. L. fem. gen. n. columbae of a pigeon).
Cell are short-rod-shaped, Gram-negative and grow under anaerobic conditions in 1.5 % LBA medium as small, circular, translucence, neat-edged colonies and swarm with periodic cycles of migration producing concentric zones at 37 C over 24 h. The range of the growth temperature is 10-45 C after 24-48 h, the optimum temperature is 37 C and range of the tolerance of NaCl is 0-8 % (w/v) growth at 37 C for 24-48 h (optimum, 1 %, w/v). In API 20E tests, the strain is positive for H 2 S production, urease, phenylalanine T is shown in bold type. GenBank accession numbers of genome sequences are in brackets. deaminase, indole production, gelation reaction, glucose and sucrose, but negative for b-galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxglase, citrate utilization, Voges-Proskauer test, mannose, inositol, sorbose, rhamnose, melibiose, arabinose and amydalin. In API 20NE tests, the strain is positive for potassium nitrate, 
Strain 08MAS2615
T is sensitive to gentamicin, ceftriaxone, kanamycin, sulfisoxazole, cefoxitin, cefepime, ciprofloxacin, streptomycin, sulfamethoxazole, nalidixic acid, doxycycline and chloramphenicol, but resistant to azithromycin and ampicillin.
The type strain, 08MAS2615
T (=DSM 104686 T =CGMCC 1.15982 T ), was isolated from the flesh of a pigeon in Ma'anshan, Anhui province, China. The DNA G+C content of the type strain is 37.9 mol%. 
